Allelic loss is a common occurrence in head and neck tumors and has been shown to be an independent predictor of prognosis; however, the relationship between allelic loss and tumor pathology is not well-known. We studied 139 patients who were newly diagnosed with squamous cell cancer of the head and neck to determine whether tumor pathology was correlated with allelic loss at one or more of eight different regions on chromosomes 3p, 5q, 8p, 9p, 10p, 18q, and 21q. At each chromosomal region, loss of heterozygosity at any one of three or four highly polymorphic microsatellite markers that spanned the region in question was considered evidence for allelic loss. A pathologist scored all tumors for seven tumor pathology and host interface parameters. Mean allelic loss across all eight regions was associated with mitotic index (P ‫؍‬ .034) and inflammatory response (P ‫؍‬ .005). For allelic loss at specific chromosomal regions, the most statistically significant trends were between overall tumor grade and 3p14.2-p13 (P ‫؍‬ .014), mitotic index and 3p24.3-p14.3 (P ‫؍‬ .026), 9p24.2-p21 (P ‫؍‬ .004) and 18q12.3-q23 (P ‫؍‬ .009), inflammatory response and 3p14.2-p13 (P ‫؍‬ .008) and 9p24.2-p21 (P ‫؍‬ .001), desmoplastic response and 9p24.2-p21 (P ‫؍‬ .009), and pattern of invasion and 21q21-q22.2 (P ‫؍‬ .015). Our results suggest that genes involved in tumor suppression and oncogenesis can potentially be classified based on specific pathologic events in head and neck squamous cell carcinogenesis that they modify. Allelic loss in chromosomal regions surrounding known or suspected tumor suppressor genes has been shown to be an important marker of head and neck squamous cell carcinoma prognosis (1-7). Regions of loss reported to lead to a poorer prognosis include 3p21(6), 5q21 (4), 8p21-23 (2, 8), 9p21 (9), 10q (1), 11p (3), 14q (7), and 18q (5). Results vary across studies with regard to the importance of allelic loss in these regions and head and neck squamous cell carcinoma survival or recurrence. In individuals with precancerous oral lesions, allelic loss at 3p and 9p (10 -13) appears important in predicting who will advance to invasive oral cancer. A recent study showed allelic loss at 5q21-q23 to be most strongly associated with foci of early cancerization in leukoplakia tissue samples (14). Overall, studies of allelic loss in premalignant and malignant head and neck lesions suggest that chromosomal losses occur in characteristic patterns that likely guide the prospective tumor cell population along the multistep carcinogenesis pathway. Studies of histologic markers as predictors of disease outcome in head and neck squamous cell carcinoma have also been conducted. These studies have focused on tumor and host interface parameters such as tumor grade, mitotic index, tumor desmoplasia, and inflammatory response. Klijanienko et al. (15) found a strong association between the tumor mitotic index and tumor vascularization in 114 head and neck neoplasms. Yilmaz et al. (16) found that mode of tumor invasion to surrounding tissues was associated with laryngeal cancer survival. Janot et al. (17) found no histologic parameters associated with overall survival in 108 head and neck cancer patients. Another similar study of 37 oral cancer patients found no association between tumor desmoplasia and survival (18). These head and neck cancer histologic parameters do not ap-
Allelic loss in chromosomal regions surrounding known or suspected tumor suppressor genes has been shown to be an important marker of head and neck squamous cell carcinoma prognosis (1) (2) (3) (4) (5) (6) (7) . Regions of loss reported to lead to a poorer prognosis include 3p21 (6) , 5q21 (4), 8p21-23 (2, 8) , 9p21 (9) , 10q (1), 11p (3), 14q (7) , and 18q (5) . Results vary across studies with regard to the importance of allelic loss in these regions and head and neck squamous cell carcinoma survival or recurrence. In individuals with precancerous oral lesions, allelic loss at 3p and 9p (10 -13) appears important in predicting who will advance to invasive oral cancer. A recent study showed allelic loss at 5q21-q23 to be most strongly associated with foci of early cancerization in leukoplakia tissue samples (14) . Overall, studies of allelic loss in premalignant and malignant head and neck lesions suggest that chromosomal losses occur in characteristic patterns that likely guide the prospective tumor cell population along the multistep carcinogenesis pathway.
Studies of histologic markers as predictors of disease outcome in head and neck squamous cell carcinoma have also been conducted. These studies have focused on tumor and host interface parameters such as tumor grade, mitotic index, tumor desmoplasia, and inflammatory response. Klijanienko et al. (15) found a strong association between the tumor mitotic index and tumor vascularization in 114 head and neck neoplasms. Yilmaz et al. (16) found that mode of tumor invasion to surrounding tissues was associated with laryngeal cancer survival. Janot et al. (17) found no histologic parameters associated with overall survival in 108 head and neck cancer patients. Another similar study of 37 oral cancer patients found no association between tumor desmoplasia and survival (18) . These head and neck cancer histologic parameters do not ap-pear to have any clear prognostic significance, but their relationship to the overall carcinogenic pathway in head and neck squamous cell carcinoma may be more appreciated with a better understanding of how these pathologic events are mediated at the cellular DNA level.
Relating allelic loss in tumors to tumor and host interface parameters has some clear advantages over studying the relationship of each with respect to crude clinical events. Drawing associations between the tumor cell's pathology and allelic loss may lead to identification of the gene or gene(s) that mediate tumor growth and development, tumor spread, and the host reaction to tumor cells. This information could be useful in preventive treatments targeted at genes involved in early pathologic events or curative treatments aimed at genes involved in host response.
In the present study, we tested for associations between different tumor and host interface parameters and allelic loss in specific chromosomal regions. Our objective was to determine whether chromosomal loss could be used to characterize the pathologic state of the primary head and neck tumor. If so, then one or more tumor suppressor genes or oncogenes localized to these areas of loss might be implicated for their role in inducing and/or maintaining specific pathologic phenomena.
METHODS

Study Population
Head and neck squamous cell carcinoma cases were identified during the Henry Ford Hospital Head and Neck Tumor Conference in the department of otolaryngology. Eligible cases had newly diagnosed primary head and neck tumors that were histologically confirmed as squamous cell in origin. Primary nasopharyngeal tumors were excluded. In total, 184 eligible cases that consented for study were enrolled between January 1996 and April 2000. Of these, 141 (76.6%) cases had sufficient tissue samples for DNA and pathologic analysis.
DNA Extraction from Tumor Tissue
Tumor tissue of cases was obtained either at time of surgery or through paraffin blocks. Tumor tissue was microdissected from paraffin blocks using a #15 scalpel and placed into 1.5-mL microcentrifuge tubes for DNA extraction; 200 L of lysis buffer (10 mM Tris-HCl, pH 8.3; 50 mM KCl; 2.5 mM MgCl 2 ; 0.45% Tween 20) was added. The tubes were then boiled for 10 minutes and spun at 10,000 rpm for 5 minutes. The paraffin wax layer was then removed. Next, 5 L of proteinase K (20 mg/mL) was added and tubes were incubated at 55°C with constant shaking for 2 hours. The product was boiled at 100°C for 10 minutes and processed by centrifuge for 5 minutes at 10,000 rpm. The DNA supernatant was then transferred into a new tube and stored at Ϫ20°C.
The tumor tissue fragment processed for DNA extraction was first histologically evaluated for the percentage of tumor purity. Subsequently, DNA was extracted by adding 1 mL of nuclei lysis buffer (75 mM NaCl, 24 mM EDTA) to the ground surgical specimen. This mixture was transferred to a conical tube; 22 L of proteinase K (20 mg/mL) and 200 L of sodium dodecyl sulfate were added. The contents were incubated at 37°C overnight on a shaker. The following day, an equal volume of phenolchloroform mixture was added; the supernatant was removed, and the phenol-chloroform mixture step was repeated on the remaining contents of the tube. Next, 3 M sodium acetate and isopropanol were added to the supernatant in a 1:1:10 ratio and stored overnight at Ϫ20°C. The isopropanol was removed, and the pellet was rinsed with 70% ethanol. One hundred microliters of Tris EDTA was added to dissolve the pellet; this product was then stored at 4°C. Normal DNA was extracted from blood specimens per protocol using a nonorganic DNA extraction kit from Oncor (Gaithersburg, MD).
DNA Analysis
The DNA products from both tumor and blood specimens were amplified using standard PCR methods. Normal and tumor amplified DNA products were run on a 6% acrylamide gel on the Bio-Rad Sequi-Gen Sequencing System (Hercules, CA) in parallel (normal and tumor DNA of each patient) at 2000 volts at 45-50°C for 2 to 4 hours. The gel was then bonded to filter paper, dried, and placed into an autoradiography cassette with a piece of film. The exposed film was developed the following day for analysis. Allelic loss was assessed as loss of heterozygosity in tumor cell diploid DNA at eight different chromosomal regions (3p14.2-p13, 3p24.3-p14.3, 5q11.2-q31.3, 8p21.3-11.2, 9p24.2-p21, 10p12.1-p11.2, 18q12.3-q23, and 21q21-q22.2) that were chosen based on the proximity of known tumor suppressor genes or oncogenes. Table 1 describes the names and relative locations of the markers used in this study. Loss of heterozygosity was measured by the genotypes of three or four microsatellite repeat markers located within the regions. We considered a region to have loss of heterozygosity if at least one of the markers tested within the region of interest had a missing allele in the DNA from the tumor sample (based on a 50% reduction in signal intensity).
Tumor Pathology Measures
The surgical specimens were routinely processed, and histomorphologic assessments were made using hematoxylin and eosin-stained tissue sections. All squamous cell carcinomas were staged according to the TNM system and cataloged by anatomic site. We employed Crissman and Zarbo's modified Jakobsson scheme (19) that involves a four-level qualitative score assigned to seven tumor parameters. These include four tumor pathology parameters (overall tumor grade, keratinization, nuclear grade, and frequency of mitoses per high-power field) and three tumor-host interface parameters (inflammatory response, desmoplastic response, and pattern of tumor invasion). For the four tumor parameters, the 1 to 4 integer scoring scale represents an increase in the development of the parameter with respect to what is observed in normal cells. For the tumor-host interface parameters, an incremental increase represents a declining response of the host to the invading tumor. See Table  2 for definitions underlying the scoring scale.
Statistical Analyses
Both univariate and multivariate techniques were used to examine the associations between pathological parameters and allelic loss in tumor cells. Associations between an increasing prevalence of allelic loss and severity of pathological parameters were tested with a Cochran-Armitage test for trend (20) . For pathological parameters in which statistically significant (P Ͻ .05) trends of association were observed for two or more regions of allelic loss, multivariate generalized linear models for categorical data were used. The pathological parameter was considered the dependent variable and was modeled to have a multinomial distribution on the cumulative logit scale. Allelic loss variables were parameterized as 0 (retention of heterozygosity) and 1 (loss of heterozygosity) and were chosen based on their univariate associations with the pathological parameter. Allelic loss variables were introduced into the model one at a time and were retained if the reduction in scaled deviance of the model was significant at the P Ͻ .05 level. Fractional allelic loss was calculated as the mean percentage of allelic loss among the informative regions (of the eight studied) for each individual and represented a summary measure of allelic loss over all eight regions. The association between fractional allelic loss and pathological parameters was tested using analysis of variance statistics. Table 3 shows the demographic and tumor characteristics of the study population. Two individuals whose tumor histology upon further pathologic inspection was found to be primarily basaloid (n ϭ 1) or adenomatous (n ϭ 1) in origin were removed from the analysis data set, resulting in total of 139 cases. Patients were primarily male (76%), with a racial distribution of about 60% Caucasian and 40% African American. The mean age of patients was 62.3 Ϯ 11.0 years, with a range between 27 and 86 years. The most prevalent tumor sites were laryngeal (39%), followed by pharyngeal (36%) and oral cavity tumors (25%). More than 60% of patients had stage III or IV cancer at the time of diagnosis. Of the primary pathologic tumor types, more than 90% were conventional squamous cell type.
RESULTS
Characteristics of Study Population
Tumor Site and Stage
Because the 139 cases in the analysis data set comprised patients with tumors at different anatomic sites, before we conducted the primary study analyses, anatomic site-specific differences in either the dependent (allelic loss) or independent (tumor pathology/host interface) parameters were investigated. Significant anatomic site heterogeneity in allelic loss was observed for 3p24.3-p14.3 (P ϭ .042), 3p14.2-p13 (P ϭ .007), and 18q12.3-q23 (P ϭ .003). At the 3p24.3-p14.3 region, loss of heterozygosity was higher in pharyngeal (72%) and laryngeal (72%) tumors compared with oral cavity tumors (49%). A similar relationship was observed for the 3p14.2-p13 region, with greater loss of heterozygosity in pharyngeal (68%) and laryngeal (64%) tumors compared with oral cavity tumors (35%). This trend was continued in the 18q12.3-q23 region, with greater loss of heterozygosity in pharyngeal (49%) and laryngeal (51%) tumors compared with oral cavity tumors (17%). Figure 1 shows the relationship between the anatomic site of the tumor and the seven tumor pathology/host interface parameters. For the purposes of analysis, the four levels in the scoring scheme for the seven tumor parameters were condensed into three levels with the two highest levels collapsed into a single category. Keratinization and mitotic index showed the strongest relationship with anatomic tumor site, with higher tumor scores observed in the laryngeal and pharyngeal tumors compared with the oral cavity tumors. Nuclear grade also showed heterogeneity, albeit less significant, with anatomic site. Pharyngeal tumors had higher scores for nuclear grade compared with oral cavity and laryngeal tumors.
Increasing tumor stage was most strongly associated with overall tumor grade (P ϭ .003) and tumor keratinization (P ϭ .016). Tumor stage also showed suggestive positive associations with nuclear grade (P ϭ .078) and mitotic index (P ϭ .052). Tumor stage was not associated with any of the tumor-host interface parameters examined. Of the eight chromosomal regions examined, only a negative association between advanced tumor stage (stage 3-4 versus stage 1-2) and loss of heterozygosity at 21q21-q22.2 was observed (P ϭ .018). However, this association did not show a consistent trend across the full range of tumor stages. Based on these findings, appropriate statistical adjustments were made for anatomic site and tumor stage in the analyses of allelic loss and tumor pathology/host interface parameters described below.
Relationship between Allelic loss and Tumor Pathology/Host Interface Parameters Figure 2A graphically depicts the associations between allelic loss at the eight chromosomal regions investigated and the three different levels (low, medium, high) of the four tumor pathology parameters scored. For each chromosomal region-tumor parameter analytic pair, a series of three points is plotted in a left to right fashion (representing the progression from the low to high levels of the parameter in question) at the corresponding percentage of loss of heterozygosity. The strongest trend of association between increasing undifferentiated FIGURE 2. A, plot of percentage of loss of heterozygosity at eight separate chromosomal regions by increasing level (low, score ϭ 1; medium, score ϭ 2; high, score ϭ 3 or 4) of tumor pathology parameter in 139 primary head and neck cancer squamous cell tumors. B, plot of percentage of loss of heterozygosity at eight separate chromosomal regions by increasing level (low, score ϭ 1; medium, score ϭ 2; high, score ϭ 3 or 4) of tumorhost interface parameter in 139 primary head and neck cancer squamous cell tumors.
overall tumor grade and increasing allelic loss was observed at 3p24.3-p14.3, 3p14.2-p13, 5q11.2-q31.3,  8p21.3-p11.2, and 9p24.2-p21 . The two-sided P values for an associated trend of increasing tumor grade with loss of heterozygosity at these five chromosomal regions were .032, .014, .335, .101 and .180, respectively. For all of the five regions listed above, loss of heterozygosity appeared to increase in a linear fashion from the low to high levels of overall tumor grade. No trend of increasing allelic loss was observed between overall tumor grade and the other three chromosomal regions. For keratinization, the patterns of allelic loss at the eight regions and different amounts of keratinization were not as striking as those observed for overall tumor grade, but the chromosomal regions at which changes were observed were the same as that for overall tumor grade. The strongest trend was between allelic loss at 3p24.3-p14.3 and decreasing keratinization (P ϭ .042). Associated changes between nuclear grade and allelic loss were less prominent than both overall tumor grade and keratinization. For nuclear grade, the strongest trend was with allelic loss at 3p24.3-p14.3 (P ϭ .043). The most striking trends of increasing allelic loss with a higher mitotic index were for 3p24.3-p14.3 (P ϭ .026), 9p24.2-p21 (P ϭ .004), and 18q12.3-q23 (P ϭ .009). Figure 2B is similar to Figure 2A , but for the three host-interface parameters scored. In general, most chromosomal regions had lower allelic loss with an increasing inflammatory response. The chromosomal regions with the strongest trend of association were 3p24.3-p14.3, 3p14.2-p13, 8p21.3-p11.2, and 9p24.2-p21 with trend test P values of .089, .008, .041 and .001, respectively. For desmoplastic response, the region with the clearest trend (increasing) with increasing allelic loss was 9p24.2-p21 (P ϭ .009). A more modest trend was also observed between desmoplastic response and loss of heterozygosity at 5q11.2-q31.3 (P ϭ .082). An increase in the pattern of tumor invasion parameter was most strongly associated with an increasing allelic loss percentage at 21q21-q22.2 (P ϭ .015).
An overall inspection of Figure 2A -B reveals that 18q12.3-q23 loss and mitotic index and 21q21-q22.2 loss and tumor pattern of invasion were the most specific allelic loss-tumor parameter pairs. Of the eight chromosomal regions, 5q11.2-q31.3 was the least specific, with an increased loss of heterozygosity observed for all seven tumor/host interface parameters. Conversely, increasing loss at 21q21-q22.2 only showed an association with changes in the tumor pattern of invasion parameter. In terms of strength of association, loss of heterozygosity at 9p24.2-p21 had the strongest associations with the pathologic parameters scored, for instance, mitotic index (P ϭ .004), inflammatory response (P ϭ .001), and desmoplastic response (P ϭ .009).
Based on our earlier analyses, anatomic site of the tumor could be a potential confounder in the relationship between allelic loss and the seven tumor pathologic parameters investigated; therefore we performed multivariate modeling to test significant associations independent of anatomic site. The regression ␤ coefficients and associated P values shown in Table 4 are for combinations of tumor parameter-allelic loss regions for which anatomic site could be a potential confounder based on its strong relationship with both variables. For the two statistically significant chromosome 3p associations with overall tumor grade, the adjustment for anatomic site only slightly decreased the absolute value of the regression ␤ coefficient, and in both instances this decrease was less than 10%. The decrease in the absolute value for the regression ␤ coefficient for the nuclear grade/3p24.3-p14.3 association was also Ͻ10%. An adjustment for anatomic site had the largest effect on the other two statistically significant tumor parameter associations with allelic loss at chromosome 3p24.3-p14.3, keratinization and mitotic index. In both instances, the absolute value for the regression beta coefficient decreased Ͼ10%. The association between mitotic index and allelic loss at chromosome 10p12.1-p11.2 was the only other situation where confounding by anatomic site might occur, but adjustment for anatomic site slightly increased the absolute value of the regression beta coefficient, indicating that no negative confounding was present.
We performed multivariate modeling with generalized linear models for the four pathological parameters that were statistically significantly associ- ated with allelic loss at two or more chromosomal regions (Table 5 ). Allelic loss variables were introduced into the model in the order of their magnitude of statistical significance on a univariate level. For overall tumor grade, a variable for allelic loss at 3p14.2-p13 was statistically significant (P ϭ .026), but no further allelic loss variables significantly decreased the model deviance. In the next set of models with mitotic index as the dependent variable, introduction of the 9p24.2-p21 allelic loss variable resulted in a statistically significant reduction of the model deviance (P ϭ .004). Adding variables for allelic loss at either 18q12.3-q23 (P ϭ .121) or 3p24.3-p14.3 (P ϭ .113) did not further significantly reduce the model deviance. A similar model fitting process was followed for inflammatory response as the dependent variable. Here, both 3p14.2-p13 (P ϭ .002) and 9p24.2-p21 (P ϭ .006) reduced the model deviance to a statistically significant degree. For the desmoplastic response parameter, only allelic loss at 9p24.2-p21 was statistically significant (P ϭ .004) in the multivariate model. Fractional allelic loss was used as a summary measure of allelic loss across all eight regions. Figure 3 shows mean fractional allelic loss levels across the low, medium, and high levels of the seven pathologic parameters studied. Fractional allelic loss varied with regard to overall tumor grade, keratinization, mitotic index, and inflammatory response, but only the variation of mean fractional FIGURE 3. Mean fractional allelic loss over eight separate chromosomal regions in 139 primary head and neck cancer squamous cell tumors at three levels (low, score ϭ 1; medium, score ϭ 2; high, score ϭ 3 or 4) of tumor pathology and host interface parameters. allelic loss with mitotic index (P ϭ .032) and inflammatory response (P ϭ .006) were significant at the .05 alpha level.
DISCUSSION
Allelic loss is a common occurrence in head and neck squamous cell carcinoma tumors. One hypothesis is that allelic loss is part of the carcinogenesis process, with the genetic alterations that are characterized by allelic loss inactivating tumor suppressor genes that lie within the region of loss. For instance, the chromosome region 9p21-p24, which corresponds to the p16 (cyclin-dependent kinase inhibitor 2A) tumor suppressor gene region, is one of the most frequently lost regions in head and neck squamous cell carcinoma (21) . Other supporting evidence for allelic loss as an important marker in head and neck squamous cell carcinoma carcinogenesis is the association of allelic loss in premalignant oral lesions with malignant potential (11) (12) (13) , survival (5, 7, 10, 22) , and tumor recurrence (6, 23, 24) in head and neck squamous cell carcinoma cases. The present study examined allelic loss in head and neck squamous cell tumors in relation to the pathologic characteristics of these tumors. Because carcinogenesis is a multistep process that is measurable on the cellular level through different pathologic indices, we hypothesized that loss of specific tumor suppressor genes may trigger specific pathologic events. Therefore, tumor allelic loss at genetic markers mapped to tumor suppressor genes that play a role in tumor pathology or host response should be associated with the corresponding tumor parameters.
A good example of how allelic loss might help explain pathologic events in head and neck squamous cell carcinoma is the correlation that we found between allelic loss at chromosome 21q21-q22 and the host interface parameter, tumor pattern of invasion. This association was highly specific, and upon investigation of the associations between the individual markers that spanned the 21q21-q22 region and tumor pattern of invasion, a strong candidate gene for this association emerged. Of the three 21q21-q22 markers, the IFNAR marker, which mapped to chromosome 21q22, had the strongest association with tumor pattern of invasion (P ϭ .010). This marker maps only 1.1 mB from the T-cell lymphoma invasion and metastasis 1 (TIAM1) gene. This gene is thought to be important in the development or metastasis of malignancies that are associated with abnormalities on chromosome 21 (25) . In fibroblasts, TIAM1 induces a phenotype that includes membrane ruffling and invasion (26) . Our findings strongly suggest that TIAM1 may play a similar role in head and neck carcinogenesis.
Published results of cDNA microarray analyses of genes differentially expressed in head and neck squamous call carcinoma are also useful resources to search for possible candidate genes of pathologic changes in this cancer. Of a list of 23 genes expressed at a higher level in normal oral epithelium compared with oral malignant tissue (27) , two genes, Cystatin B (CSTB) and Hypothetical Protein FLJ10375, map to 21q22 and 3p21, two regions in which we found significant pathologic correlations with loss of heterozygosity. The function of the Hypothetical Protein FLJ10375 gene is unknown, but cystatin proteins have been reported previously to be associated with a metastatic tumor cell phenotype and to be important in head and neck cancer (28) . Therefore, in addition to TIAM1, CSTB is also a potential candidate gene for playing a role in tumor pattern of invasion in head and neck squamous cell carcinoma.
Several studies have tried to link tumor and host interface parameters with head and neck cancer prognosis (15, 16, 18) , but few studies have tried to correlate any head and neck squamous cell carcinoma tumor histologic parameters with allelic loss. Two separate studies have shown that lymph node metastasis in oral cancer patients was correlated with allelic loss at chromosomes 13q14.3 (29) and 2q35 (30), respectively. We could not evaluate lymph node metastasis in most of our cases, nor did we evaluate allelic loss at these two regions. Although few studies comparable to the present study exist, it is worth noting that allelic loss at the chromosome 9p24.2-p21 region, which we found strongly correlated with several tumor parameters, including mitotic index, inflammatory response, and desmoplastic response, also has been shown to be a strong predictor of survival in this same study population (31) . This survival result substantiates the importance of chromosome 9p24.2-p21 loss in our study population, and the current study suggests that loss of this region may inhibit the host's ability to respond to a growing tumor cell population. On a pathologic level, this would explain our survival result as well as the strong correlation between chromosome 9p loss and tumor recurrence (32) .
Patients for this study were recruited sequentially and were clinically and demographically representative of the larger population of head and neck cancer patients in the Detroit area (33) . Pathology review was done blinded of genetic results and clinical outcomes. DNA analysis was done either on fresh tissue of high tumor purity (Ͼ90%) or paraffin blocks with DNA amplification of the block area identified as tumor by the study pathologist. Contamination of tumor tissue with normal tissue could still have happened in some instances and have led to an underestimate of allelic loss. Like-wise, although pathologic evaluations were done in a careful fashion so as to best evaluate the overall character of the tumor in question, tumors of a higher degree of histologic heterogeneity may have been pathologically misrepresented. Because the great majority (Ͼ90%) of the tumors in our study were of the conventional squamous cell histologic subtype, our results may not be representative of other less common histologies found in head and neck squamous cell carcinoma. Probably the greatest limitation of this study is its inability to temporally relate the observed allelic losses with the events that result in the pathologic parameters measured. Because the data from this study were cross-sectional, we had no way of showing a temporal relationship between allelic loss and the pathologic phenomena of interest in this study.
In summary, we found significant associations between selected tumor pathologic parameters of head and neck squamous cell carcinoma and allelic loss at specific chromosomal regions. In some instances, allelic loss mapped closely to a specific tumor suppressor gene that could play a role in manifesting the pathologic parameter in question (i.e., pattern of tumor invasion and the TIAM1 and CSTB genes on chromosome 21q22). Alternatively, allelic loss at chromosome 9p24.2-p21, associated with the early stages of head and neck squamous cell carcinogenesis (12, 13) , was strongly associated with several host interface parameters suggesting a loss of function in a gene or genes that mediate pathways of immune-response to malignant growth. In three of the four instances in which two or more regions of allelic loss were associated with a tumor parameter, multivariate analyses showed that the loss at these regions was redundant (see Table 5 ). This suggests that loss at only one of the regions in question may play a causal role in the pathologic trend observed, but this can only be teased apart definitively with larger data sets of diverse tumor populations. Nevertheless, our study represents a first step in trying to understand the relationship between changes at the cellular DNA level and the subsequent pathologic manifestations. Future studies of large and diverse tumor populations can build upon these findings by using denser genetic marker maps to link specific genes with the pathologic phenomena that they orchestrate in head and neck squamous cell carcinoma.
